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Male Sprague-Dawley rats were exposed !o aged and diluted sidestream smoke IADSS) 
from Kentucky l RAF reference cigarettes lor 6 h/day, 5 days/wk. ior a 13-wk period. 
Exposure concentrations were 0, 0.1, I, and 10 mg ADSS/m J . Exposures were conducted 
in whole-body inhalation chambers. Rats were held in nose-only exposure tubes for the fi¬ 
ll exposures to minimize pelt deposition and subsequent ingestion of <4055. Croups of 10 
rats from each exposure group were killed alter 5, 28, and 90 d of exposure to examine the 
rates of repiicativre DNA synthesis ; 6 rats from each exposure group were kept for a 90- 
day recovery period after termination of exposures to examine rep/icative ON/4 synthesis 
rates. Three days prior to each scheduled necropsy, an osmotic pump containing 5- 
bromo-2 '-deoxyuridirte (BrdUl was imp/anted sufacutaneousfy. Alter necropsy, tissues 
were processed ior examination of BrdU-contaming cells at several sites. Incorporation of 
BrdU was assessed either by counting the number of labeled cells along a length of an 
epithelial surface or by counting the number ot labeled cells in an area of tissue. Tissues 
examined were from the nasal cavity, ventral larynx, and trachea, in addition to 
bronchial, bronchiolar, and alveolar legions of the lung. Endocardium, myocardium, epi- 
cardium. and aortic smooth muscle sites were also examined. Increased replicative DNA 
synthesis occurred in some sites of the respiratory tract at the 5-day timepoinr at the mid 
or high exposure concentrations, although at 2& and 90 days, these effects had dimin¬ 
ished m intensity or were not present, indicating adaptation to the ADS5 exposure. The 
only tissues with elevated rates of replicative DNA synthesis at 90 days were the cuboidal 
and respiratory epithelium al the most rostra/ portion of the nasal cavity at the highest 
exposure concentration. Increased rates ot replicative DNA synthesis were not noted in 
heart tissues or Jung alveolar epithelium at any concentration at any time point. Examina¬ 
tion of rats killed after the end of the 90-day recovery period indicated that the increase 
in replicative DNA synthesis was not sustained alter termination of exposures. The no 
observed effect level (NOEL) for increased replicative DNA synthesis after subchronic 
exposure to AD5S in the tat is greater than I mg ADS5/m J . 
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Incorporation of a thymidine analogue, 5-bromo-2'-deoxyuridine fBrdU), 
into DNA during replicative DN'A synthesis is a frequently used method for 
estimating cell proliferation (Doolittle et al., 1992). Detection of increased 
replicative DNA synthesis has been advanced as a component of rodent 
subchronic and chronic toxicology studies that provides information about 
the cell proliferative potential of test compounds in the rodent (Butterworth, 
1991; Clayson et al., 1989; Cohen & Ellwein, 1990). 

Aged and diluted sidestream cigarette smoke (ADSS) is a complex mix¬ 
ture that contains both genotoxtc and nongenotoxic compounds (Guerin et 
al., 1992). Limited experimental data are available concerning the potential 
cell proliferative activity of ADSS. The available experimental data from 
inhalation of ADSS includes histopathologica! evaluation after a 90-day 
study period using 10-h exposures to a single elevated concentration of 
ADSS (von Meyermck et al., 1989) and 14- and 90-day studies using 6-h 
exposures at 3 exposure concentrations (Coggins et al., 1992, 1993). During 
the conduct of the 90-day inhalation study using 3 concentrations of ADSS, 
there were no treatment-related clinical signs or reduction in body weight 
compared to a sham exposed group. At the termination of the 90-day study, 
the only histological change observed in the rats was a mild hyperplastic 
response in the most rostral portion of the nasal cavity, found only in ani¬ 
mals exposed to the 10 mg/m* concentration (Coggins et al., 1993). To gam 
a better appreciation of the mild hyperplastic changes in the rat nose, experi¬ 
mental determination of replicative DNA synthesis was accomplished in 
groups of rats exposed simultaneously with those that were examined for his¬ 
tological changes m the previously reported study. 

In the present evaluation, an increase in cell labeling in the nasal 
cubotdal epithelium in rats killed at the end of the 90-day study coincided 
with the histologic changes reported previously. No changes in replicative 
DNA synthesis rates were noted in rats killed after subchronic exposure to 
ADSS at concentrations of 0.1 or 1 mg/m J . Examination of rats killed after a 
90-day recovery period without further exposure to ADSS revealed that the 
increase in replicative DNA synthesis rate was not sustained after 13 wk of 
exposure to HEPA-filtered and humidified room air. 

MATERIALS AND METHODS 

Detailed descriptions of study design, ADSS exposure, animal hus¬ 
bandry, and histopathology results have been previously published (Ayres et 
al., 1 994; Coggins et al., 1993). 

Inhalation Exposure 

Rats were exposed to ADSS in 2.3-mb whole-body exposure chambers at 
target concentrations of 0. 0.1, 1.0, or 10 mg/m 1 for 6 h/day, 5 days/wk, for a 
13-wk period. These exposure concentrations were established at factors of 
approximately 1, 10, and 100 times higher than the airborne particulate con¬ 
centration of 120 pg/m J , detected in areas where smoking was permitted, of 
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which only about half was attributed to tobacco smoke (Guerin et ah, 1 992). 
Rats were held in nose-only exposure tubes during 6-h exposures to the 
ADSS exposure environment to minimize pelt deposition and subsequent 
ingestion of ADSS. Groups of rats were killed after 5, 28, or 90 days of 
exposure. Additional rats were killed after a 13-wk recovery period during 
which rats were not further exposed to ADSS. 

Experimental Animals 

Male Sprague-Dawley rats approximately 8 wk of age at the initiation of 
inhalation exposures were used for this study. Ten rats in each of the 4 
exposure groups were removed from the study and examined for replicative 
DNA synthesis rates after 5, 28, or 90 days of exposure. Six rats in each of 
the exposure groups were kept for an additional 13-wk recovery period 
after termination of inhalation exposures and then used for quantification of 
replicative DNA synthesis. 

The rats were housed and cared for in accordance with the Animal 
Welfare Act of 1970 and amendments (Public Law 91-579), as set forth in 
CFR Title 9, Part 3 Sub-part E. Animal care procedures followed those con¬ 
tained within the DHHS document Guide for the Care and Use of Labora¬ 
tory Animals (NIH publication 86-23). Serological analyses confirmed that 
the rats used were free of infectious disease. Rats were provided ad libitum 
access to Purina 5002 Rodent chow and drinking water except during 
inhalation exposures. Animal use for this study was reviewed and approved 
by an Institutional Animal Care and Use Committee. 

5-Bromo-2'-deoxyuridine (BrdU) Administration 

BrdU (Sigma Chemical Company, St. Louis, MO) at a concentration of 20 
mg/ml was contained within surgically implanted Alzet osmotic pumps (Alza 
Corporation. Palo Alto, CA) designed to deliver 10 pl/h for at least 3 days. In 
preparation for the pump implant, rats were anesthetized with 70% carbon 
dioxide (C0 2 ) in air. The inhalant CO, was used because of its reduced 
potential to cause lasting side-effects after brief periods of anesthesia (Lumb & 
lones, 1984). The surgical site was first clipped to remove hair and then 
swabbed with a dilute Betadine (Purdue Frederick, Norwalk, CT) solution. An 
incision was made in the skin approximately 2.5 cm in length. The osmotic 
pump was then implanted subcutaneously over the dorsal thoraco-lumbar 
region and the incision was closed with Auto Wound Clips (Becton- 
Dickinson, Mountain View, CA) using a surgical stapler (Biomedicai Instru¬ 
ments, Rockville, MD). The osmotic pump was implanted 72 h prior to the 
scheduled necropsy. All rats w'ere routinely monitored for clinical signs of 
infection until the scheduled necropsy. 

Collection of Tissues 

Rats were anesthetized with 70% CO, in air and while under anesthesia 
were exsanguinated. Tissues selected for examination were those that had 
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previously been shown to demonstrate histologic effects at the highest 
exposure concentration (nasal tissues) (Coggins et a I., 1993), other portions 
of the respiratory system so that a complete evaluation of the organs associ¬ 
ated with the route of exposure could be accomplished, and heart to exam¬ 
ine potential cardiovascular effects. At necropsy, tissues were removed from 
each animal and fixed in 10% neutral buffered formalin (NBF) at a volume 
dilution of 1 part tissue to at least 15 parts formalin (Feldman & Seely, 
1988). Lungs were distended with NBF at a pressure of approximately 25 cm 
water. The trachea was ligated after distension of the lung, The nasal cavity 
was perfused with NBF by flowing fixative through the nasal pharynx to 
assure proper fixation of the nasal epithelium. 

The following tissues were collected for examination of BrdU incorpo¬ 
ration: nasal cavity, larynx, proximal end of the trachea, lung mainstem 
bronchus, lung, heart, and duodenum. The nasal cavity was cut into four 
regions defined as section 1, 2, 3, and 4 according to the method of Young 
(1981). Figure 1 shows a schematic representation of the nasal cavity in 
cross section at section I. Cuboidal, respiratory, and squamous epithelia 
were examined in nasal section 1. Cuboidal, respiratory, and two areas of 
olfactory epithelia were examined in nasal section 2. Two regions of olfac¬ 
tory epithelium and 1 region of respiratory epithelium were examined in 
nasal section 3. Ventral laryngeal and squamous epithelial regions were 
prepared according to the methods of Sagartg et al. (1992). Lung bronchial, 
bronchiolar, and alveolar regions were examined as individual sites. 
Endocardium, myocardium, epicardium, and aortic smooth muscle sites 
were also examined. 

Tissue Processing and Immunochemical Staining 

Soft tissues were fixed in NBF for 24 h and then dehydrated in an 
ascending alcohol series from 70 to 100% ethanol and placed in xylene for 
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FIGURE 1. Drawing or a cross section of the rostral nasal cavity demonstrating the site of change m the 
nasal cuboidal epithelium of the turbinate. 
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infiltration and embedding in paraffin. After fixation, the nasal cavity was 
placed in 5% formic acid with an ion-exchange resin for decalcification for 5 
days prior to dehydration, infiltration, and embedding in paraffin. Sections of 
tissue embedded in paraffin blocks were cut at 5 u m thickness using a con¬ 
ventional rotary microtome. A cross section of duodenum from each animal 
was included on each tissue slide prepared to gather qualitative information 
about the efficiency of osmotic pump delivery of BrdU and immunostaining. 
Since very few sections were deemed to be insufficiently stained, no attempt 
was made to recut and restain slides that were not appropriately stained. 

Sections of tissue on glass microscope slides were treated in the follow¬ 
ing manner in preparation for immunostaining. Slides were placed in two 
successive 5-min solvent baths of xylene to remove paraffin. Slides were 
then placed in two 5-mm solvent hydration baths of ethyl alcohol at 100, 
95, and 70% in water. After the 70% ethanol bath, slides were rinsed twice 
in phosphate-buffered saline (PBS) for 5 min. 

Slides were placed in 1 N hydrochloric acid for 60 mm at 37°C to partially 
denature DNA. The hydrochloric acid was neutralized with two 5-min rinses 
in PBS. A 0.05% protease treatment (protease type 24, Sigma Chemical 
Company, St. Louis, MO) for 10 mm at 27°C was used to increase the accessi¬ 
bility of BrdU binding sites. Endogenous alkaline phosphatase was blocked 
with application of 5 mM Levamisole (Vector Laboratories, Burlingame, CA) 
for 10 min. Slides were then washed 2 times, for 5 mm in each wash, with 
PBS. Nonspecific binding sites were blocked with normal horse serum (Vector 
Laboratories, Burlingame, CA) for 20 mm at room temperature, The horse 
serum was not rinsed from the slide before application of the BrdU antibody. 

Immunostaining for the presence of BrdU incorporated into DNA used 
Alkaline Phosphatase Supersensitive reagents (Biogenics, San Ramon, CA). 
The BrdU primary antibody was applied at a dilution of 1 : 100 for the 
nasal sections. All other sections used a 1 : 200 dilution. The primary anti¬ 
body was allowed to react overnight at 4°C. The antibody was removed 
with two 5-min rinses in PBS. A 1 : 10 dilution of Supersensitive LINK 
iBiogemcs, San Ramon, CA) was then applied to the sections tor 30 mm at 
room temperature. Slides were then rinsed twice for 5 min in PBS, A 1 ; 10 
dilution of Supersensitive LABEL (Biogenics, San Ramon, CA) was then 
applied to the sections for 20 mm followed by two 5-min rinses in PBS. 
Supersensitive CHROMOGEN (Biogenics, San Ramon, CA) was then 
applied to the sections for 10 min. Negative control slides were included 
when appropriate in the immunostaining procedure. Sections were then 
rinsed in distilled water and allowed to dry, Sections were counterstained 
with Mayer's hematoxylin as needed to visualize the non-stained tissues. 
Sections were covered with Crystal Mount (Btomeda Corp., Foster City, CA) 
prior to scoring labeled cells. 

Scoring of BrdU Labeled Cells 

Regions of interest, as defined next, were initially scored with knowledge 
of the treatment group. Respiratory tract epithetia, except where noted, were 
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scored on a unit length labeling index basis (Monticello et a!., 1989). As 
described by Monticello et al. (1989), the length of nasal section ! cuboidal 
epithelium of the dorsal nasal concha encompasses 4-7 mm. In this study, a 
more conservative approach was used whereby only the tip of the dorsal 
nasal concha was evaluated because it previously had been identified as a 
localized site that was responsive to the effects of the high exposure concen¬ 
tration of ADSS (Coggins et al., 1993). Scoring of cells only at the tip of the 
dorsal nasal concha maximized detection of effects by exclusion of cells 
from a nonsensitive region. Right ventricle heart epicardium and endocardium 
were also scored using unit length labeling index. Heart myocardium and 
aortic smooth muscle were scored as the number of labeled cells in a 20x 
field of View on a light microscope. A qualitative assessment of the technical 
quality of immunostaining was made on the duodenum cross section on 
each slide by the pathologist. If the overall technical quality of BrdU 
immunostaining was deemed unsatisfactory or the tissue section w'as not rep¬ 
resentative of the region of interest because of artifacts, the tissue site was 
not scored. 

Description of Sites Scored 

The regional location and unit length of the sites scored for number of 
cells that incorporated BrdU are described next. Several sites were evaluated 
as labeled cells per area as indicated. 

Nasal Section 1 A 1.5-mm total length of cuboidal (transitional) epithe¬ 
lial tissue was evaluated for the number of cells that incorporated BrdU. 
Three separate 0.5-mm sites at the tip and adjacent areas of the dorsal nasal 
concha were counted and combined for a total count of 1.5 mm. The respira¬ 
tory epithelium was represented by counting 1 mm length along the middle 
portion of nasal septum. A 1-itim length of the squamous epithelium of the 
ventral region of the meatus was scored. 

Nasal Section 2 A total of 1.5 mm of the length of the cuboidal (transi¬ 
tional) epithelium of the dorsal nasal turbinate was counted m the same 
manner as nasal section 1, Epithelial cells in 1 mm of respiratory epithelium 
were counted in a region of the septum near the ventral portion, and 1 mm 
of olfactory epithelium was evaluated in the dorsal region of both sides of 
the nasal cavity (two sides counted separately). During microtomy, no 
attempt was made to ascertain left or right side of the nasal cavity. Thus, 
even though both sides of the nasal cavity olfactory epithelium were counted 
separately, the left or right side orientation for olfactory site 1 and site 2 was 
not determined. 

Nasal Section 3 The respiratory epithelium (1 mm) of nasal section 3 
was evaluated tn the ventral portion of the nasal cavity. Olfactory epithelium 
(1 mm) was counted on both sides of the nasal septum at the extreme dor¬ 
sal region of the septum (two sides considered separately). As in nasal sec¬ 
tion 2, the left and right side orientation for olfactory site 1 and site 2 w'as 
not determined. 


PM3006447471 


Source: https://www.industrydocuments.ucsf.edu/docs/rqjj0001 



REPLICATIVE DNA AND SIDESTREAM SMOKE 


1231 


Larynx A 1-mm length of the pseudostratified epithelium of the ventral 
larynx overlying the seromucmous glands as described by Sagartz et al. 
(1992) was evaluated. A second site, from the laryngeal squamous epithelium 
(1 mm) along the lateral sides of the larynx, was scored as a separate site. 

Trachea A total of 15 mm of respiratory epithelium lining cross sec¬ 
tions of the trachea was evaluated in 3 separate 0.5-mm sites. The three 
sites were combined together to total 1.5 mm. 

Lung The left lobe of the lung was used for evaluation of cells that 
had incorporated BrdU, and 1 mm of length from a longitudinal section of 
the bronchial epithelium along the mainstem bronchus and 1 mm of bron- 
chiolar epithelium lining the terminal bronchiole were evaluated. Labeled 
cells, without distinction of a particular cell type, were counted in a 0.25- 
mm J area of alveolar tissue. 

Heart A length of 1 mm of the endocardium and epicardium was 
evaluated separately from the myocardium. The number of labeled cells 
present in the myocardium was scored as number per 0.25-mnr area. The 
number of labeled cells in a longitudinal section of aortic smooth muscle 
was scored in a similar manner. 

Statistical Analysis 

Cell count data were initially evaluated for conformance to a parametric 
data analysis approach. Both normality of distribution and homogeneity of 
variance were evaluated. Bartlett's test and Levine's test for homogeneity of 
variance were employed. The Wilks-Shapiro test for evaluation of normally 
distributed data was employed. Most of the cell count data could be not 
analyzed by a parametric statistical approach because of a lack of normality 
and heterogeneous variance. A square-root transformation was applied to 
the celi count data in an attempt to reduce the heterogeneity of variance. 
Because most of the data sets still exhibited heterogenous variance, a non- 
parametric statistical test, the Kruskal-Wal I is rank sum test, was used at a 
.05 level of significance. No mathematical method to elinrnate potential 
outliers was employed. 

Statistical Comparisons 

Responses in sham-exposed rats were compared between the 5 and 90, 
and between the 90 and 180 day time points. Statistical analysis of the sham 
group revealed a general decline in BrdU incorporation with increasing age of 
the animal on study. Therefore, statistical comparisons were limited to cell 
count responses between sham and ADSS-exposed treatment groups within a 
time point to avoid the confounding effect of age of the rat or time on study. 

RESULTS 

Effect of Study Day 

Analysis of the number of cells, in animals of the sham group, that had 
incorporated BrdU demonstrated that statistically significant differences were 
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found within the same tissue site when compared between the initial sam¬ 
pling period (day 5) and the termination of inhalation exposures ! .day 90). 
and between the termination of inhalation exposures iday 90) and the end 
of the recovery period (day 180). Generally, there was a decline in cell 
labeling from day 5 to day 90, with a somewhat smaller decline noticed 
between day 90 and day 180. In the upper airways of the sham-exposed 
group, cell labeling declined about 50% between day 5 and 90 and then 
was found to be similar at 90 and 180 days. In the lung epithelium of 
sham-exposed rats, cell labeling displayed a greater degree of variability, 
with the greatest decline in cell labeling seen in the conducting airways of 
the bronchus. 

Exposure-Related Statistically Significant Findings 

Statistically significant changes were observed in several tissues after 
exposure to ADSS at concentrations ranging from 0.1 to 10 mg/m 1 . A com¬ 
plete list of number of labeled cells and statistical findings is noted in Tables 
1—4. 

Day 5 

Statistically significant differences were noted in several tissues when 
ADSS exposed animals were compared to sham exposed animals at day 5. 
In nasal section 1 of cuboida! epithelium, cell labeling was increased signif¬ 
icantly in both the mid and high exposure groups (Figure 2a). At the mid 
exposure concentration of 1.0 mg ADSS/m 1 , cell labeling was approximately 
double that of controls, whereas at the high exposure concentration of 10 
mg ADSS/m\ cell labeling was approximately fourfold higher than sham- 
exposed controls. 

Cel! labeling was significantly decreased in the squamous epithelium of 
the nasal section 1 at the high exposure concentration (Figure 2b). 

Incorporation of BrdU was significantly increased in the respiratory 
epithelium of nasal section 2 at the high exposure concentration where cell 
labeling was increased less than twofold (Figure 2d). 

Cell labeling in the olfactory site 1 of nasal section 2 was significantly 
decreased in the high exposure group when compared to the sham-exposed 
group (Figure 2e). At the other side of the nasal cavity at the olfactory site 2 
of nasal section 2, cell labeling was significantly decreased in the low 
exposure group when compared to the sham exposed group (Figure 2f). 

In the middle airways, no significant differences were noted. 

In the lung bronchioiar epithelium, an approximate twofold increase in 
cell labeling in the high exposure group was significantly different from the 
sham-exposed group (Figure 2g). 

Day 28 

Only two tissue sites from ADSS-exposed animals displayed statistically 
significant findings when compared to the sham-exposed animals at day 28. 
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10 

26 9 

3.0 

to 

Nas.il 2 respiratory 

1 nini 

17 ) 

1 8 

It) 

18.8 

2.11 

10 

18.(> 

19 

10 

24 7 

2 2 

to 

Nasal 2 olfactory ) 

t mm 

7 5 

2.2 

10 

6 6 

3.9 

10 

3 

2 3 

to 

7.6 

4.0 

10 

N.is.il 2 oil,» lory 2 

1 mm 

0 9 

2.2 

to 

7.7 

t 8 

1(1 

2.4 

11 

It) 

8.5 

4.2 

in 

Nasal 1 ri'Sjiir.itory 

t mm 

21 1 

2 3 

9 

IH 2 

1 5 

10 

19 8 

1.9 

10 

21 

4 0 

in 

Nasal 1 olf.u lory 1 

t mm 

> > 

1 3 

9 

0.4 

0 2 

10 

0B 

0.3 

11) 

04 

0 1 

It) 

Nasal 3 olfactory 2 

1 mm 

2.4 

1 1 

9 

0.9 

0 6 

10 

11 

0.4 

10 

1.3 

0. i 

to 

Larynx ventral epithelium 

1 mm 

10.6 

3 5 

10 

9.4 

1.1 

8 

16 

3 0 

H 

11.3 

1.2 

It 

larynx squamous epithelium 

1 mm 

J‘J 

HR 

10 

26.6 

li 2 

H 

411 fi 

6.8 

8 

39.8 

8.8 

» 

1 arynx/tr.ii luM 

1 5 mm 

III 

1 5 

10 

R 8 

(1 9 

113 

0 11 

1.0 

10 

8 6 

12 

It) 

1 ling, tirrincfii.il 

1 mm 

5.9 

1.0 

10 

5 

t) -1 

10 

4 7 

0.5 

10 

5 2 

II 9 

1 0 

l ung, tin mi liiolar 

t mm 

4 9 

0.9 

10 

5 

1 1 

0 6 

l(J 

3.H 

0 3 

10 

3.5 

0 5 

10 

1 ling, alveolar 

1 learl, endocardium 

0.25 mm' 

<>. S 

12 

10 

4 H 

l(J 

4.5 

0.6 

10 

6.3 

1 I 

10 

1 mm 

0. 1 

0 2 

to 

0.2 

IJI 

10 

0 4 

0 2 

to 

0 3 

0 2 

ID 

1 lead, <'(iit nullum 

1 mm 

0 ) 

0.2 

10 

0.1 

(3.1 

to 

0.2 

0.1 

10 

0 3 

0 2 

id 

Head, myocardium 

0 25 mm' 

vs 

0.7 

10 

2. 5 

11.5 

to 

2 1 

0. 3 

10 

1 .B 

0. 1 

III 

Aortic smooth muscle 

0.25 mm' 

1.7 

0.4 

to 

1.3 

0 1 

111 

0 9 

0 2 

10 

1 4 

0.5 

10 


'Signilii .ii'tly different from slum at /j < .05. 


Source: https://www.industrydocuments.ucsf.edu/docs/rqjj0001 
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TAItLI J. Number of Brilll-Labcled Oils in Iissues Ix.miiiU'd a I Hie Termioaliou of Ibe DIM Jay Sulx limnii Stmiy of Aged .mil Diluted Sidestream Snmke .tl t) 
(sham), (1 1 (tow). 1 0 tmiil), .liul 10 (luglil nig/ni’ 









1xpobure 

R'unji 







Leu^lli 

or area 

counted 


Sham 


0 

1 mg Al JSS/rn 1 

1 

it mg ADSStm 

1 

10 nig ADSS/ni 1 


I Issue 

Mean 

SIM 

/I 

Mean 

St M 

n 

Mean 

SEM 

II 

Mean 

SIM 

/» 

Nasal 1 i llllOul.il 

1.5 mm 

Hi 4 

19 

10 

n r 

' 12 

10 

37.7 

1 3,5 

10 

1 34.9 J 

17 tl 

4 

littili.il Morel 

N.ts.il 1 i uhuktal 

1 5 mm 

18 1 

17 

1(1 

28.0 

1.1) 

in 

28.2 

3 3 

10 

1214’ 

M .J 

•) 

lliluul iore.ul) 

Nasal 1 respiratory 

1 mm 

0.7 

2 ! 

10 

14 8 

1 

10 

13 2 

14 

10 

20 J 

> (, 

in 

N.is.il 1 scjudrtu«i5 

1 mm 

ill 9 

10 3 

10 

340.8 

m.j 

ni 

323 3 

1 1.5 

U) 

142.3 

ft 1 

H) 

Nas.ll 2 < uboidal 

1 .5 mm 

24.5 

2.4 

10 

22.0 

2 7 

10 

20.2 

1 0 

1 0 

23 

1 7 

ID 

Nasal 2 tespiraloiy 

1 mm 

17.2 

2.9 

10 

II 

1 4 

10 

14.9 

U 

It) 

17.0 

1 5 

hi 

Nasal l olfactory 1 

1 mm 

11.5 

4 4 

10 

0 

2 2 

10 

13.1 

4 1 

9 

107 

7 7 

10 

Nasal 2 ollaelury 2 

1 mm 

11 9 

4,7 

10 

4 9 

2 5 

10 

>3 l 

3 1 

9 

9 4 

0.1 

tu 

Nasal J respiratory 

1 mm 

14. B 

2.2 

IU 

1 J.5 

i i 

10 

14.1 

1.1 

10 

19 4 

2 1 

it) 

Nasal 1 olfactory 1 

1 mm 

1 .2 

0.6 

It) 

1.5 

I) 7 

in 

2 9 

t .4 

10 

07 

0 1 

to 

Nasal .1 olfactory 2 

1 mm 

4 8 

3.0 

10 

1.7 

0.9 

in 

0 

3.0 

10 

0 4 

0.1 

id 

larynx ventral epithelium 

1 mm 

IJ 2 

4 1 

10 

1.1.8 

0.4 

6 

18 9 

5.2 

9 

29.1 

0 8 

9 

Larynx M|iiamous epillielnini 

! mm 

55 9 

19 0 

10 

21. 

7 0.5 

f> 

28.2 

7.2 

9 

20.4 

5.3 

l> 

LdrynxStrachea 

1 5 mm 

0.0 

0.8 

10 

0.1 

0 7 

10 

4.5 

0.7 

10 

7 3 

1 1 

10 

Lung, bronchial 

1 mm 

3 9 

05 

10 

3 ii 

0 4 

10 

S3 

0.7 

10 

5.1 

0 8 

10 

lung, busiKhioliif 

t mm 

5 i 

0.9 

10 

3.8 

0 5 

10 

3.9 

0.7 

10 

5.3 

1 2 

10 

Lung, alveolar 

0.25 mm' 

8 7 

1.2 

10 

6 3 

0.4 

10 

0.3 

07 

in 

9.3 

0.9 

to 

1 lean, endocardium 

1 mm 

0.5 

0.2 

10 

0,4 

0 2 

10 

0.5 

0.3 

10 

0 3 

0 2 

to 

Mearl, eptcarditim 

1 mm 

0/2 

0.1 

10 

0.5 

113 

10 

0.3 

0.2 

10 

0.5 

0 3 

HI 

Heart, myocardium 

0.25 mm ! 

19 

0.0 

10 

2 A 

0.5 

UJ 

3 8 

0 9 

10 

3 2 

07 . 

10 

Aortic smooth muscle 

0.25 mm' 

2.5 

0 8 

10 

i 

0.3 

10 

1.7 

0.4 

10 

1.5 

0.5 

in 


'Signitic anlly different from sham al p i .05. 


Source: https://www.industrydocuments.ucsf.edu/docs/rqjj0001 
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TABLE 4. NuntlK'r ef HrriU-L «<Mril Cells in rissue* txjmint'il a! Study Day IHl) alter a ‘lO-ILiy Recovery I’eiioil Without Smoko f xpostire 


l xposuir £mup 


Length 

Sham 

(). 1 mg ADSVm* 

1 0 mg AUWm 1 

10 mg AlJSSym’ 


f ibSllt’ 

toiinierl 

Mean 

SLM 

n 

Mean 

SIM 

n 

Mean 

5FM 

N 

Mean 

SfM 

n 

Nasal 1 < uljonlal 

l .5 mm 

IB.H 

1 6 

6 

14.5 

0.7 

6 

Ifa 

2.1 

<. 

15 2 

1 ft 

5 

N,^al 1 respir.ittJry 

1 mm 

8.1 

<1.9 

6 

5.5 

0 8 

6 

5.7 

0 9 

fa 

5.2 

11 

5 

N„»s<d 1 s«|iiamous 

1 mm 

141 5 

1 5 ft 

6 

31.4 5 

12 1 

f. 

187. J 

19 8 

g 

385.2 

11 4 

S 

Nasal l < iiLiokIci! 

1 S mm 

11 ! 

1.8 

6 

m.7 

ILII 

6 

13.2 

2.L 

6 

15.4 

fa .5 

5 

Nasal 7 ri*s|nr.itoiy 

1 nim 

h :t 

1.1 

6 

H. i 

1.5 

6 

■3 3 

2 1 

6 

10.8 

2. * 

5 

Nasal 2 ulfai lory 1 

1 mm 

IMS 

10.4 

6 

15.5 

12 

6 

12 7 

10.0 

6 

6.4 

J t 

5 

Nit 5 .il 2 olt.w lory 1 

1 mm 

IS 

12 1 

6 

11.5 

1.7 

fa 

8.7 

6.3 

0 

9 

4.7 

5 

Navil 3 respiratory 

l nun 

n.7 

3.4 

6 

l t ft 

1 .8 

<> 

9 

1 0 

fa 

13 

1(1 

5 

Nasal 3 olfai lory 1 

1 mm 

68 

3 9 

6 

6.5 

4 4 

fa 

0 3 

0 2 

fa 

13 

!1 5 

5 

N^al 3 tiKiU lory 2 

1 mm 

1 3 

2 4 

6 

7.2 

3 6 

fa 

0 7 

0.5 

fa 

7.2 

5. 1 

5 

1 .ary mk ventral rpillieliiini 

1 mm 

10.8 

4.8 

4 

13 8 

3.1 

fa 

12 S 

2.5 

fa 

Ifa 

5 fa 

4 

1 arynx S(|ii.imont> e|nthclnjm 

1 mm 

34.5 

15 5 

4 

14.8 

4.6 

fa 

24 5 

0.1 

fa 

215 

H H 

4 

t jfyttx/tutliea 

1.5 rum 

3.7 

0.5 

6 

3 7 

II 6 

fa 

2 5 

0.2 

fa 

3 4 

0.5 

5 

lung, lurim liial 

1 mn* 

3 5 

1.5 

0 

2 7 

It 0 

b 

17 

n.4 

fa 

1.8 

(17 

5 

lung, bronchiole 

l mm 

2 a 

(18 

fa 

2 7 

1.0 

<> 

.3.7 

in 

fa 

t.fa 

O.fa 

5 

Lung, alveular 

0.25 mm' 

3.5 

0.8 

b 

7 5 

0 2 

<> 

.1 

Ofa 

fa 

3 

0.6 

5 

1 k'Jfk t’ndot ditiium 

1 mm 

0.7 

0 5 

6 

0.5 

0.3 

& 

1.2 

0.5 

fa 

0.2 

0.2 

5 

Heart, epit artltum 

1 ninl 

0.2 

0.2 

b 

0 3 

0.2 

6 

0.2 

0.2 

fa 

O.fa 

0.2 

5 

Heart, myocardium 

U.2 5 nun J 

1.3 

0.6 

6 

J. 3 

1) fa 

fa 

2.7 

0.4 

fa 

3.8 

0.8 

5 

Aorlir smooth musrle' 

0.25 mm* 

4 

1.2 

6 

1.5 

it 7 

b 

3 

1.0 

fa 

1.2 

0 5 

5 


Source: https://www.industrydocuments.ucsf.edu/docs/rqjj0001 
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BrdU incorporation 



5 Days 28 Days 90 Day9 180 Days 

(a) Study Period 



(b) Study Period 

FIGURE 2. Bar charts or the number of BrdU-labeled cells at study davs 5. UB, 90, and 180; i«v- in the 
nasal section t cuboidal epithelium: bi in the nasal section 1 sauamcus epithelium 
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BrdU Incorporation 



5 Days 28 Days 90 Days 180 Days 

Study Period 


BrdU Incorporation 



(d) Study Period 


FIGURE 2. (Continued) Bar charts oi the number gi 6rdU-labeled cells at sttidv days 5, 28. 90, and 
190: 'C( in the nasal section 1 respiratory epithelium; id) m the nasal section 2 respiratory epithelium. 


PM3006447479 


Source: https://www.industrydocuments.ucsf.edu/docs/rqjj0001 












REPLICATIVE DMA AND SIDESTREAM SMOKE 


1239 


BrdU Incorporation 



(e) 


Study Period 


BrdU incorporation 



(f) Study Period 


FIGURE 2 . '.Continued) Bar charts of Ihe number of BrdU-labeled cells at study days 5, 28. 90, and 
180. ei in the nasal section 2 olfactory region 1 epithelium; ;f| in the nasal section 2 olfactory region 2 
epithelium. 
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BrdU Incorporation 

Lung Bronchiolar Epithelium 



FIGURE 2. (Cor>r.'nyedi Bar charts of the number of BrdU-iabeled cells at study days 5. 28, 90. and 
ISO: 1 g> m the Umg bronchioiar epithelium. 

In the nasal section 1 cuboidal epithelium of the high exposure group, cell 
labeling was significantly increased, about fivefold higher than the sham- 
exoosed group (Figure 2a). 

The respiratory epithelium of nasal section 1 was statistically increased 
in the high exposure group with about a twofold increase in cell labeling 
when compared to shanvexposed controls (Figure 2c). No other significant 
findings were noted at any exposure concentration at day 28. 

Day 90 

Statistically significant findings were noted only in the nasal cavity in 
the most rostral nasal section 1. There were no other statistically significant 
findings observed. 

In the initial scoring of labeled ceils in the nasal section 1 cuboidal 
epithelium, with knowledge of treatment group, statistically significant find¬ 
ings were noted at the low, mid, and high exposure groups when compared 
to the sham control. Cell labeling in the low and mid exposure groups were 
increased about twofold when compared to the sham exposed group. In the 
high exposure group, cell labeling was increased about sevenfold over that 
of the sham-exposed group. 

Cel! labeling was statistically increased in the respiratory epithelium of 
nasal section 1 at the high exposure group. Cell labeling in the respiratory' 
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epithelium of nasal section 1 of the high exposure group was increased 
about twofold higher than the sham group (Figure 2c). 

Day 90, Second Scoring of Nasal Section 1, Cuboidal Epithelium 

BrdU-labeled cells of the nasal section 1 cuboidal epithelium at the 90- 
day time point were rescored, without knowledge of the treatment group. 
The rationale for including a second reading of this site at the 90-day 
assessment is provided in the discussion section. 

Both sides of the nasal cavity at the nasal section 1 cuboidal epithelium 
site were counted separately and statistically compared at the 90 day period. 
Because no statistical difference was noted in the comparison of both sides 
of the nasal cavity, the cell count data were summed and averaged in this 
second scoring of nasal st tion 1 cuboidal epithelium at 90 days, in 
essence doubling the number of cells counted from the sensitive region. 
The data from both the initial scoring with knowledge of treatment group 
and the second scoring without knowledge of treatment are presented in 
Table 3. 

In the restoring of the nasal section 1 cuboidal epithelium site at 90 
days, only the high exposure group was found to be significantly increased 
when compared to the sham exposed control. Cell labeling in the high 
exposure group was increased about sixfold over that of the sham control, 
whereas the number of labeled ceils in the low and mid exposure groups 
that were not significantly different from the sham-exposed group were 1.53 
and 1.51 times greater than the sham group, respectively (Figure 2a). 

Day 180 

Cell labeling after a 13-wk recovery period without smoke exposure 
was not statistically different from the sham-exposed group at any exposure 
concentration. 

DISCUSSION 

Exposure of male rats for 6 h/day in a subchronic study to aged and 
diluted sidestream smoke (ADSS) from reference cigarettes at concentrations 
of 1 or 10 mg/m 1 over a 5-, 28-, or 90-day period resulted in statistically 
significant increases m BrdU incorporation in some tissues when compared 
to sham-exposed animals. At the end of the 90-day exposure period, effects 
were only observed at the high concentration at the most rostral portion of 
the nasal cavity. The diminution of effects with increasing time on study 
suggests that adaptation to ADSS exposure was observed over the course of 
the study. Additionally, effects observed during exposure of rats to ADSS 
were not sustained after cessation of exposure. 

Two evaluations of the incorporation of BrdU were conducted in the 
nasal section 1 cuboidal epithelium site at the 90-day assessment. The sec¬ 
ond evaluation was conducted for several reasons. The data at the low and 
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mid exposure concentrations, at 90 days, lacked any dose-response rela¬ 
tionship, but both the low and mid concentrations were observed to be sta¬ 
tistically different from the sham-exposed animals. If the response observed 
at the low concentration was related to exposure to ADSS, then a dose- 
related increase in BrdU incorporation at the mid dose should have been 
observed. No such increase was observed in the original evaluation of the 
slides. 

The nasal section 1 cuboidal epithelium site exposed to the mid con¬ 
centration of ADSS at 5 days incorporated statistically more BrdU than 
sham-exposed animals at 5 days At this same site after 28 days, the incor¬ 
poration rate of BrdU was no longer different. This observation suggested 
that this tissue site had adapted to the exposure of ADSS at the mid con¬ 
centration. A similar adaptation was observed in four additional sites at 
which statistically significant increases in BrdU incorporation at the highest 
exposure concentration were observed at day 5 but were absent at days 28 
and 90. The observation of statistically significant responses at the nasal 
section 1 cuboidal epithelium site in both the low- and mid concentrations 
at 90 days was not consistent with the adaptation responses observed 
for this and other tissues at the 28- and 90-day evaluations relative to 
the 5-day observations. This inconsistency of the response at this tissue site 
at the 90-day assessment was apparent in the original evaluation of the 
data. 

The magnitude of the statistically significant responses, at the low and 
mid concentrations, observed at the nasal section 1 cuboidal epithelium 
site, exceeded the sham control responses by a factor of two. Because the 
responses were only minimally different and the variability of the data on 
the order of 30-100%, only limited confidence could be placed in these 
observations specifically. A more rigorous assessment of the finding at the 
nasal section 1 cuboidal epithelium site was deemed necessary, based on 
the inconsistency of the apparent adaptation response, the lack of expected 
dose-response, and the minimal differences in the magnitude of the low 
and mid exposure effects. For this assessment, a doubling of the number of 
cells in the sensitive region of this site was evaluated. Additionally, the 
evaluation was conducted without prior knowledge of treatment. This 
approach was included to eliminate any potential for unintentional bias. 
The results of this more in-depth assessment supercede the initial findings 
from the reading of nasal section 1 cuboidal epithelium conducted with 
knowledge of treatment. All conclusions are based on this final interpreta¬ 
tion of the BrdU-labeled cell counts. 

The effects of ADSS exposure were not additive over the duration of the 
study. At the 5-day time point, statistically significant increases in BrdU 
incorporation were observed at 3 anatomical sites with responses observed 
at the mid and high exposure concentrations. The findings at 5 days were 
primarily limited to the nasal cavity along with a single finding in the lung 
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bronchiolar epithelium at the high concentration, which was not observed 
at any other time point in the study. At d.c 28-day time point, statistically 
significant increases in BrdU incorporation were observed at only 2 sites of 
the nasal cavity and only at the high exposure concentration. At the 90-day 
time point, the only sites that were statistically different from the sham con¬ 
trols were the nasal section 1 respiratory and cuboidal epithelium at the 
highest exposure concentration. Since, at the end of the 90-day exposure 
period, effects were observed at a lower number of sites and only at the 
high exposure concentration, in contrast to an additive phenomenon, these 
findings suggest that adaptation to the potential effects of ADSS exposure 
had occurred. 

The statistical findings at the olfactory section 2 epithelium at the 5-day 
period are not biologically plausible. In the nasal section 2 olfactory epithe¬ 
lium at 5 days, the region termed olfactory site 1 was statistically different 
from the sham-exposed group at the high concentration while the olfactory 
site 2 was statistically different from the sham-exposed group only at the 
low concentration. Vet the only possible difference in the two sites is that 
site 1 was scored on one Side of the nasal cavity and site 2 was scored on 
the other side of the nasal cavity in the same anatomical region. However, 
since no effort was made to maintain a left or right side orientation during 
slide preparation, and since these animats were exposed in the same man¬ 
ner for the same duration, differential responses at these two sites are not 
plausible. This discordance in the data suggests that these findings were 
spurious and of no biological significance. 

Observation of a reduction in cell labeling in the sham-exposed animals 
with time on study confounded and therefore limited comparison of expo¬ 
sure groups across time points. The decrease in cell labeling as animals age 
on study has been observed by other investigators (Goldsworthy et al., 
1991). 

The scientific literature contains much information concerning the useful¬ 
ness of replicative DNA synthesis data in interpretation of chronic effects from 
potentially toxic agents. Many of the compounds that induce increased rates of 
replicative DNA synthesis and have reported tumorigenic effects do so only at 
the maximum tolerated dose when increased cell killing, mitogenesis, and 
increased rates of mutagenesis occur (Ames & Gold, 1990). When the rate 
of replicative DNA synthesis exceeds the rate of cell death, mathematical 
models suggest that sustained cell proliferation may play a role in tumor 
development (Moolgavkar & Luebeck, 1991; Chen & Farland, 1991; Cohen 
S< Ellwetn, 1990). Experimental data both support arid reject this hypothesis. 
In a study of replicative DNA synthesis in rats treated with the peroxisome 
proliferator Wy-14,643, a positive correlation was found between the rate of 
replicative DNA synthesis, which was sustained at about 5- to 10-fold higher 
than controls, and hepatocarcmogenesis (Marsman et ah, 1988). In an acute 
study of BrdU incorporation into replicating hepatic cells, 2,4-diamino- 
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toluene induced replicative DNA synthesis that was correlated with the 
tumorigenic effect of 2,4-diaminotoluene In a chronic bioassay (Cunningham 
et al. ( 1991}. 

However, increased rates of replicative DNA synthesis sometimes are 
inversely correlated with tumor formation. In a study of 1,4-dichloroben- 
zene, hepatocellular tumors were induced in mice but not in rats, When 
liver cell replicative DNA synthesis rates were evaluated in both species 
treated with 1,4-dichlorobenzene, increased rates of replicative DNA syn¬ 
thesis were noted in both mice and rats (Eldridge et al., 1991). In an acute 
inhalation study investigating the cell proliferative effects of the nasal irri¬ 
tants formaldehyde and acrolein, both formaldehyde and acrolein demon¬ 
strated an increase in replicative DNA synthesis response acutely, even 
though a carcinogenic effect after chronic exposure is only seen with 
formaldehyde (Roemer et al., 1993). A recent study has reported that the 
predictive potential of increased replicative DNA synthesis in terms of indi¬ 
vidual animal cancer risk is weak. In a mouse skin tumor model, neither 
increased DNA adduct levels in skin nor increased replicative DNA synthe¬ 
sis was predictive of the individual cancer risk in the animals tested (Fischer 
et al., 1993). According to a recent report that included information about 
19 chemicals tested by inhalation exposure in rodents, the association 
between proliferative changes such as increased replicative DNA synthesis 
and hyperplasia in nasal tissues and nasal carcinogenesis is weak. Of the 
19 compounds tested, 5 were reported to be nasal carcinogens in the 
rodent. All five of the rodent nasal carcinogens displayed proliferative 
changes in the nose. Of the 14 compounds tested that were not reported to 
be nasal carcinogens, 12 demonstrated similar proliferative changes in the 
nose as did the nasal carcinogens, suggesting that proliferative changes 
alone are not predictors of nasal carcinogenesis (Ward et al., 1 993). 
Therefore, the data reported here cannot be used to support the hypothesis 
that ADS5 is a potential nasal carcinogen in the rat. 

In this study, lack of statistically significant findings at the end of the 
recovery period after a 1 3-wk period without smoke exposure indicates that 
the effects observed at the end or 90 days were not sustained after cessation 
of exposure. The diminution of effects over the course of the 13-wk exposure 
period indicates that the animals adapted to the potential effects of ADSS 
exposure. The statistically significant findings in the nasal section 1 coincide 
with the histopathologicai effects noted in the nasal section 1 reported earlier 
'Coggins et al., 1993). In general, statistically significant findings were noted 
only in nasal tissues of the rat after subchronic exposure to the highest expo¬ 
sure concentration of ADSS, which was approximately 200- to 400-fold high¬ 
er than reported concentrations of environmental tobacco smoke (Guenn et 
al., 1992). Considered with other data gathered by this laboratory (Coggins et 
al., 1993), these data of replicative DNA synthesis indicate that at the termi¬ 
nation of a subchronic inhalation study, the no-observed-effect level (NOEL) 
for ADSS is greater than 1 mg ADS5/m J , 
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